ABSTRACT This study compared 2 screening tests for detecting undiagnosed diabetes mellitus when applied in a mass-screening campaign in the Eastern province of Saudi Arabia in 2004-05. Of 15 082 individuals screened, 65.8% were positive by the American Diabetes Association risk-score questionnaire and 71.3% by determination of capillary blood glucose (CBG) using a portable glucometer. Type 2 diabetes mellitus was confirmed in 20.3% of participants and pre-diabetes in 33.9% using fasting venous blood testing. The risk-score questionnaire did not perform well versus fasting and random CBG. Optimal cut-offs for fasting and random CBG were 120 mg/dL and 160 mg/dL respectively. Fasting CBG had higher sensitivity, specificity and discriminating ability than random CBG for detection of diabetes and pre-diabetes in this population.
Introduction
The debate whether to screen for diabetes mellitus (DM) continues in the medical community among those who recommend [1] and those who discourage it [2] . Although it seems intuitive that early detection improves outcome, lack of direct evidence from randomized controlled studies of the effectiveness of screening for type 2 DM is the main barrier to its widescale application. Nonetheless, type 2 diabetes may remain undetected for several years [3] , and by the time of clinical diagnosis many people have developed one or more micro- or macrovascular diabetic complications [4] .
The American Diabetes Association (ADA) has recommended regular screening for type 2 diabetes at 3-year intervals, beginning at age 45 years (or less if there are other risk factors) [1] . However, mass screening was not recommended. To save community resources, the ADA suggested using a screening questionnaire-"take the test, know the score"-whereby only those with high risk-factor scores would be tested [5] . While different diabetes risk questionnaires have been developed and evaluated [6] [7] [8] [9] [10] , their validity has been mainly assessed in Caucasian populations, which raises doubts over their validity in other populations. When diabetes risk scores have been applied to other ethnic groups, e.g. in Caribbean and South Asian people living in the United Kingdom (UK) [11] , the results vary, and the need to validate screening tests in other populations has been emphasized.
The prevalence of DM is very high in the Saudi Arabian population [12] , but the performance of screening tests has not yet been validated in this population. Capillary blood glucose (CBG) screening for type 2 DM, using a reflectance blood glucose meter, is less costly than other screening tests.
The aim of the present study was to compare 2 screening tests for detecting undiagnosed diabetes when applied in a Saudi population through a mass screening campaign in the Eastern province of Saudi Arabia. The study compared the performance of a diabetes risk-score questionnaire in a Saudi population with CBG testing by portable glucometer and determined which cut-off levels of random and fasting CBG yielded the best balance between sensitivity and specificity versus laboratory-confirmed fasting plasma glucose (FPG) testing.
Methods

Sample
This study was part of a larger screening campaign conducted in the Eastern province of Saudi Arabia between 28 August 2004 and 18 February 2005. The campaign and sampling has been described previously [13, 14] . The target population was all Saudi residents of the Eastern province, aged 30 years and above, excluding pregnant women (650 000 subjects). They were invited to participate in a screening campaign for the early detection of DM and hypertension by attending one of the 300+ examination centres in the programme. A total of 15 082 individuals were included in the study reported here.
Individuals with undiagnosed diabetes who did screening of either fasting CBG or random CBG and underwent confirmatory testing were included in the study. Those with abnormal screening results for blood pressure and/or FPG, pregnant women and those who had self-reported previously diagnosed diabetes were excluded from this study.
Data collection
At the mass screening participants underwent measurements of weight and height and completed a structured questionnaire to collect data for the riskscore questionnaire. CBG screening for undiagnosed DM was done with a portable glucometer. Participants attended on another day for confirmatory testing for DM and pre-diabetes by fasting venous glucose blood levels after ≥ 8 hours fast.
The high-risk score questionnaire used in this study was the diabetes risk test recommended by the ADA [15] and studied by Rolka et al. [16] . The questionnaire provides a high-risk score based on age, body mass index (BMI), sedentary lifestyle, family history of DM and ever having delivered a macrosomic baby (> 4 kg). The maximum score was 22 and the cut-off score for a positive screening result was ≥ 10 points.
Capillary blood samples were taken and whole blood glucose concentration was measured using a uniform portable glucometer with the Medisafe Reader (Terumo Co.). During the field study, instruments were calibrated every morning. Supervision of the technicians carrying out the blood tests was ensured. Quality control supervised teams were distributed in every sector to assure the quality of performance and accuracy of the devices. Screening was considered positive if fasting CBG was ≥ 100 mg/ dL or if random CBG was ≥ 140 mg/dL for those with undiagnosed diabetes.
Venous blood specimens were collected and FPG concentrations were determined using glucose oxidase methodology in the central laboratory of the Dammam area or in other government and private hospitals. Type 2 DM was diagnosed when FPG level was ≥ 126 mg/dL and pre-diabetes when FPG was 100-125 mg/dL. Normal FPG was < 100 mg/dL.
Laboratory personnel were blinded to the results of the screening test. Independent health team collected the questionnaires and the results of the screening tests, collated them with confirmatory FBS tests and delivered them to the main primary health directorate centre for data collection and entry.
Analysis
Different cut-off points of random CBG and fasting CBG and the risk-score questionnaire were evaluated separately ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫السادس‬ ‫املجلد‬ ‫عرش‬ ‫الثاين‬ ‫العدد‬ against the diagnostic standard for diabetes (FPG ≥ 126 mg/dL). Sensitivity, specificity, positive and negative predictive values, likelihood ratio of positive and negative tests, and 95% confidence interval (CI) for all those were calculated using standard methods [17] . To select the optimal cut-off point for a positive test, a receiver operating characteristics (ROC) curve was constructed by plotting sensitivity (true positive rate) against the false positive rate (1-specificity). The high-risk score questionnaire and fasting and random CBG were evaluated with respect to the area under the curve (AUC) in the ROC. All analyses were performed using SPSS for Windows, version 16.
Results
A total of 15 082 individuals aged 30+ years were included in the study. DM was confirmed by FPG ≥ 126 mg/dL in 3052 (20.3%) and pre-diabetes in 5108 (33.9%) ( Table 1 ). The characteristics of the study group of undiagnosed cases of DM according to socioeconomic status are shown in Table 2 . The mean age was 46.5 (SD 11.6) years, 55.6% were women and 47.9% had a first-degree relative with diabetes.
A total of 9919 people (65.8%) had positive scores on the high-risk questionnaire (at the cut-off score of ≥ 10) ( Table 1 ). The sensitivity of the test at this cut-off was 71%, while the specificity was 39% (Table 3) . However, combining the risk score for the fasting CBG and random CBG increased the sensitivity to 83% and 75% and specificity to 86% and 77% respectively. Figure  1 shows the ROC curve for the high-risk questionnaire; the AUC was 0.55 (95% CI: 0.54-0.56).
In the biochemical screening tests, 10 761 (71.3%) participants were positive for either fasting CBG (at a cut-off of 100 mg/dL) or random CBG (at a cut-off of 140 mg/dL). Fasting CBG was done for 4961 (32.9%) participants, while random CBG was determined for 10 121 (67.1%). In Table 4 the diagnostic sensitivity, specificity and positive and negative predictive values of a positive test for both fasting and random CBS were compared with the FPG test at various cut-off points. Fasting CBG at 100 mg/dL had a sensitivity of 97% and specificity of 29%. When the cut-off point was increased to 140 mg/dL sensitivity dropped to 57% and specificity increased to 96%. Random CBG at 140 mg/dL had a sensitivity of 91% and specificity of 48%. When the cut-off point was increased to 200 mg/dL sensitivity dropped to 53% and specificity increased to 95%.
The optimal cut-off point (highest sensitivity with comparable high specificity) for fasting CBG was 120 mg/dL (Table 4) . Sensitivity was 81%, specificity 86%, positive predictive value 76% and negative predictive value 90%. The likelihood ratio of a positive test was 5.88 and the likelihood ratio of a negative test was 0.22.
For the random CBG, the optimal cut-off point was 160 mg/dL (Table  4) . Sensitivity was 76%, specificity 77%, positive predictive value 58%, negative predictive value 89%. The likelihood of a positive test was 3.35 and likelihood ratio of a negative test was 0.31. Figure 2 shows the ROC curve of the performance of fasting and random CBG. The AUC for random CBG (0.87) was lower than that for fasting CBG (0.82). If only those with positive high-risk scores were included, the AUC for fasting CBG increased to 0.87 and for random CBG dropped to 0.82 (Figure 3) . Table 5 shows the optimum cut-off point for both types of CBG screening tests according to sex. The optimum cut-off for random CBG screening was 165.5 mg/dL in men, with both a sensitivity and specificity of 77%, and the cut-off for optimum random CBG in women was 159.5 mg/dL, with lower sensitivity and specificity. The sensitivity and specificity for fasting CBG screening were higher in both men and women at cut-offs of 119.5 mg/dL and 121.5 mg/dL respectively.
Discussion
There is an increasing interest in using non-invasive tools such as risk-score questionnaires to detect high-risk groups suitable for screening. Finding a good high-risk score to detect undiagnosed DM, which at the same time is simple enough not jeopardize compliance is difficult. This may be due to the overlap in the characteristics of DM types 1 and 2 [18] . The high-risk questionnaire used for our Saudi population was that recommended by the ADA and studied by Rolka et al. [16] . In the current study, the high-risk score identified 71.3% of previously undiagnosed diabetics. However, the specificity of the high-risk score in our sample was low (39%), even lower than in a Caucasian population for whom it showed a sensitivity of 69%-75% and specificity of 49%-50% for the criteria of diagnosed DM, which may constrain its reliability for detecting undiagnosed DM [18] . This may be related to the unique cultural and ethnic characteristics of the Saudi population [11] .
While it is desirable to have both high sensitivity and specificity in a screening test, this is rarely achievable in practice. Therefore there should be a trade-off between the two, according to the needs of the screening, taking into consideration the cost, convenience and reproducibility in mass screening. In screening there is usually a requirement to detect a higher number of cases, so a higher sensitivity is required in diagnosis, although there is no uniform agreement on the cut-off point. However, CBG testing by portable glucometer has the lowest cost, followed by laboratory-confirmed FPG and HbA 1c testing [1] .
The sensitivity of fasting CBG and random CBG were higher in our study when the cut-off point was lowered but their specificity was very low. Increasing the cut-off point of fasting CBG from 100 mg/dL to 120 mg/dL and of random CBG from 140 mg/dL to 160 mg/dL optimized the balance of sensitivity and specificity. On the other hand, an argument could be made for lowering the cut-off points to 110 mg/dL and 150 mg/dL for fasting and random CBG respectively and consequently reduce the chances of missing cases of diabetes and pre-diabetes with reasonable specificity.
Zhang et al. studied the most efficient cut-off point for CBG to identify both pre-diabetes and undiagnosed diabetes in relation to both direct and indirect costs [19] . They chose a lower cut-off point (100 mg/dL) than in our study or Cervin et al.'s study [18] , and found a sensitivity of 83% and specificity of 63%. Our study focused only on detecting undiagnosed DM. The main purpose, in addition to detection, was to follow patients through health care settings such as primary health care centres. So when focused on detecting undiagnosed DM the most efficient cut-off point for fasting CBG was higher, at 120 mg/dL.
To study whether to use a lower cut-off and have a lower specificity or a higher cut-off and have lower sensitivity, we used ROC curves to determine whether to use fasting or random CBG. The AUC for fasting CBG was higher (0.87) than for random CBG (0.82). Rolka et al. reported similar findings: CBG screening in participants who had not eaten for ≥ 8 hours had a higher sensitivity and specificity in both sexes compared with random CBG [16] . It was clear from our data that the high-risk questionnaire performed poorly when carried out alone, with a sensitivity of 71% and specificity of 39%. Even when a positive high-risk score was used in conjunction with portable CBG screening, sensitivity increased from 71% to 83%. However, other predictors did not change or were negatively affected, and this may be due to the high percentage of the study population who were obese or overweight. Threequarters of the population of Eastern province of Saudi Arabia are obese or overweight [20] . Besides, the age of the study participants was ≥ 30 years. So, based on those factors, the ability to discriminate between those who had and those who did not have the disease was low.
Our study had a number of strengths including the large size of the population References enrolled in the campaign, the diversity of subgroups, and the study design, in which the laboratory personnel carrying out the confirmatory FPG testing were not aware of the previous results of CBG screening. FPG was selected for this study as the diagnostic standard because it is a convenient test to ensure compliance of the participants, especially with large number of participants enrolled in this campaign.
Conclusions
The risk-score questionnaire did not perform well versus fasting and random CBG. The optimal cut-off points for fasting and random CBG were 120 mg/ dL and 160 mg/dL respectively. Fasting CBG had higher sensitivity, specificity and discriminating ability than random CBG for detection of diabetes and pre-diabetes in this population. 
